Objectives-This study was carried out to investigate possible immunological changes in workers with prolonged low exposure to inorganic mercury in a fluorescent light bulb factory. Methods-29 immunological variables were examined in 34 workers with prolonged low level exposure to inorganic mercury (exposed workers) and 35 unexposed workers as the controls. The selected indicator of mercury exposure was concentration of mercury in the urine (U-Hg), which declined progressively from 36.0 pg/l in 1978 to 6.0 igIl in the study year 1994. Results-None ofthe exposed workers had ever shown signs ofeither acute or chronic inorganic mercury toxicity or had shown any form of hypersensitivity. The only changes found in the exposed workers, compared with the controls, were a reduction of the cells that express cluster differentiation (CD25,(T activation antigen (Tac antigen))) and concentrations of tumour necrosis factor-a (TNF-a) in serum. However, the decrease of cells that express CD25 was unrelated to occupational exposure and was, in all likelihood, a chance finding. Conversely, the decline in serum TNF-a was closely associated with occupational exposure. However, no dose-response relation was found between U-Hg and TNF-a concentrations; nor were TNF-a concentrations affected by cumulative occupational exposure to inorganic mercury in over 20 years. Conclusions-Tentatively, we suggest that reduced serum TNF-a concentrations might be indicative ofan in vivo functional defect of the monocyte macrophage system in this particular group of workers even though they were clinically asymptomatic. (Occup Environ Med 1997;54:437-442) 
Abstract
Objectives-This study was carried out to investigate possible immunological changes in workers with prolonged low exposure to inorganic mercury in a fluorescent light bulb factory. Methods-29 immunological variables were examined in 34 workers with prolonged low level exposure to inorganic mercury (exposed workers) and 35 unexposed workers as the controls. The selected indicator of mercury exposure was concentration of mercury in the urine (U-Hg), which declined progressively from 36.0 pg/l in 1978 to 6.0 igIl in the study year 1994. Results-None ofthe exposed workers had ever shown signs ofeither acute or chronic inorganic mercury toxicity or had shown any form of hypersensitivity. The only changes found in the exposed workers, compared with the controls, were a reduction of the cells that express cluster differentiation (CD25,(T activation antigen (Tac antigen))) and concentrations of tumour necrosis factor-a (TNF-a) in serum. However, the decrease of cells that express CD25 was unrelated to occupational exposure and was, in all likelihood, a chance finding. Conversely, the decline in serum TNF-a was closely associated with occupational exposure. However, no dose-response relation was found between U-Hg and TNF-a concentrations; nor were TNF-a concentrations affected by cumulative occupational exposure to inorganic mercury in over 20 years. Conclusions-Tentatively, we suggest that reduced serum TNF-a concentrations might be indicative ofan in vivo functional defect of the monocyte macrophage system in this particular group of workers even though they were clinically asymptomatic. Most of the mercury used in industry occurs as inorganic mercury. Occupational (chloralkali plants, production of lamps and batteries, gold mining, dentistry) and environmental (dental amalgams, food) exposures to inorganic mercury are known to be frequent events. Both mercury and its salts induce abnormal responses in animal and human immune systems. ' 2 In rats and mice the responses are controlled by the histocompatibility-2 (H-2) system, homologous to the human leukocyte associated (HLA) antigen system.3 In brown Norway rats, the most susceptible strain, administration of a non-toxic dose (50 gg/100 g body weight)
of mercuric chloride causes cluster differentiation (CD) CD4+ T cell, and B cell proliferation, and an increase in immunoglobulin (Ig) concentrations, mainly IgE, together with production of several autoantibodies, of which those towards the glomerular basement membrane cause membranous glomerulonephritis. 5 In Lewis rats, a non-toxic dose causes a significant increase in CD8+ T cells within the secondary lymphoid organs, but does not induce systemic autoimmunity and glomerulonephritis. 6 Some susceptible mice strains show immunological alterations overlapping those of susceptible rats; by contrast, the resistant mice rarely develop these alterations.4 '7 8 The effects of inorganic mercury on the human immune system have attracted little attention. Contact dermatitis has been found in subjects as a consequence of occupational and environmental exposure.9'-2 Circulating anti-laminin antibodies were found in workers exposed to mercury vapours, but these findings were not confirmed in other studies."3 14 An immune nephrotic syndrome mediated by antibody complexes followed treatment with skin lightening creams and other medicaments containing mercury.'5 16 Increased serum IgA and IgM concentrations and lower IgG concentration were found by Bencko et al, 7 but not by Langworth et al'8 in workers occupationally exposed to inorganic mercury. Likewise, Ellingsen et al '9 found no changes in Ig, autoantibodies, and complement components in chloralkali workers previously exposed to mercury vapours.
Variables of cell mediated immunity in subjects occupationally exposed to inorganic mercury20 21 or in those exposed to metallic mercury vapour from amalgam fillings22 were investigated in a few studies. Only Moszczynski and Slowinski2' showed an increase in CD4, and mainly in CD8 lymphocytes, with a resulting low CD4/CD8 ratio essentially related to the duration of exposure. Langworth et a120 studied in vitro production of interleukin-1 (IL-1) and TNF-a, without finding any alterations. The aim of this study was to investigate the effects of prolonged low exposure to inorganic mercury on a wide range of immunological variables.
Methods

RECRUITMENT OF SUBJECTS
Thirty four male workers exposed to inorganic mercury for more than 20 years (mean (SD) 21 .5 (1.2)) were recruited in 1994 from a fluorescent light bulb factory (exposed workers). They had never shown any symptoms of chronic toxicity from inorganic mercury, although this was not a criterion for selection.
Thirty five male workers who were not occupationally exposed to inorganic mercury were recruited in the same year to be the control group. These men were active in the chemical industry and in power plants without exposure to either solvents or metals. They were randomly selected from a group of workers participating in a surveillance programme that covered all the main industries in the area. The two groups were age matched (+3) years (table  1) .
Besides giving their job history, all workers were requested to fill in a questionnaire on the possible causes of non-occupational exposure to mercury: fish consumption as a possible source of exposure to organic and inorganic mercury and number of teeth filled with amalgam, which is made up of about 50% inorganic mercury. Alcohol intake and cigarette smoking habits were also considered as environmental factors. None of the differences between the two groups for the investigated variables was found to be significant ( (table 2) . Two indicators of exposure to inorganic mercury were considered: U-Hg at the time of the immunological survey (current U-Hg), represented by the mean of the two U-Hg values in each worker in 1994, and a cumulative exposure indicator (cumulative U-Hg) obtained for each person by adding up the mean urinary mercury values for each year between 1978 and 1994. Cumulative U-Hg expresses the total amount of mercury to which each worker had been exposed during the years An immunoblotting test (Delta Biologicals, Pomezia, Italy) was used to measure the anti-nuclear, anti-mitocondrial, anti-smooth muscle (F-391), anti-double-stranded DNA (F-158), anti-nuclear scleroderma 70 (Scl-70) antigen (I-470), and anti-ribonucleoprotein Sm (I-410), sicca syndrome A, and B (I-450) autoantibodies.
SERUM CYTOKINES
The enzyme linked immunosorbent assay (ELISA) sandwich (Medgenix Diagnostics SA, Fleurus, Belgium) was applied to measure concentrations of IL-1, IL-2, interferon-'y (IFN-y), and TNF-a, as described elsewhere. Briefly: two monoclonal antibodies that recognise distinct epitopes of each cytokine were used. The cytokine in the serum samples or standard solutions bound to the first monoclonal antibody adsorbed to polystyrene microtitre wells. After overnight incubation at 4°C and PBS washings to remove the unbound cytokine, the wells received the second monoclonal antibody tagged with horseradish peroxidase, which completed the sandwich. A substrate solution was then added to the wells, and after one hour of incubation, their absorbance was measured at 490 nm with a Titertek ELISA reader. The concentrations of each cytokine were calculated on a calibration curve set up with the standard solutions."7 T CELL PROLIFERATIVE ACTIVITY This was measured in 18 exposed and 18 nonexposed randomly chosen workers as described previously. assumptions for these analyses were found). Results of such analyses are reported in terms of the F test and its associated probability value. As well as parametric techniques, the Wilcoxon non-parametric test was applied to the comparison of some variables-for example, TNF-a-between exposed workers and controls. All the statistical analyses were performed with SAS (version 6. 10).29
Results Blood counts and white blood cell subtypes were within the normal range for all the workers.
The circulating lymphocyte absolute value and the percentage of total T cells (CD3) and of their CD4 and CD8 subsets, the CD4/CD8 ratio, the percentages of total B cells (CDl 9 and CD20), and HLA-DR cells of exposed workers and controls were comparable. Only the percentage of cells expressing CD25 was significantly lower in the exposed workers (table 5) . There was no difference in T cell proliferative activities of the two groups (table  5) .
Several serum variables, including Ig, C3-C4, IC, and autoantibody concentrations were similar in the exposed and in the control workers (table 6) .
Serum concentrations of IL-1, IL-2, and IFN-y were similar in the exposed and in the control workers, whereas only the TNF-a concentrations were significantly lower in the exposed workers (table 7) . These results were real, as the serial measurements every seven to 10 days in six randomly chosen workers of each group (three to four measurements per worker) showed little variation in the concentrations of TNF-a in each worker.
An attempt was made at evaluating a dose-response relation between current U-Hg and CD25 or TNF-a concentrations, irrespective of occupational or non-occupational exposure (figure). Notwithstanding the tendency of the concentrations of cells expressing CD25 to diminish with increasing U-Hg, the relation was not significant. Less definite, and still not significant, is the relation between U-Hg and TNF-a.
We thought it useful to consider both the effects of current and of cumulative U-Hg on concentrations of cells expressing CD25 and TNF-a on occupationally exposed workers. No associations of any kind were found with concentrations of cells expressing CD25. hand, no functional data are provided by this 1 work. Lastly, without a dose-response correla- 10 12 tion and a significant association with U-Hg, this finding is not significant. The TNF-a values too were lower in r = -0.064 exposed workers, but no dose-response relation P = 0.60 was found. However, when only the occupationally exposed workers were considered, it seemed that the decrease in TNF-a was associated with increases in current U-Hg, although not in cumulative U-Hg, which seems to suggest that the effect on TNF-a is only transient. Possibly, by moving the worker away from the source of hazard, or monocyte macrophage cell population. Tumour necrosis factor-a modulates the function =3 74 i P=0w026)h of certain immune cells: it enhances prolifera-=3.74,r cumulati)e tion of T cells, T cell receptor expression, natural killer cell cytotoxicity, phagocytosis, and adherence to endothelial cells by neutrophils, proliferation of fibroblasts, and secretion of IL-1, IL-2, and granulocyte ttionally exposed to macrophage-colony stimulating factor (GM-:ed for 29 immuno-CSF), which are all functions involved in the had lasted for more inflammatory and immune response, as well as only at average in the antitumour defence."0 The decreased ons-as calculated serum concentrations of TNF-a in exposed -that were always workers might be associated with a decline in lard recommended one or more of these functions. However, this n'). The biological warrants a functional assessment on the differg, was also low and ent cell populations, which will be made in a onmental exposure further study. It has been shown in vitro by i an average 36 jg/l Steffensen et al' that mercury chloride can he exposed workers injure the cell membranes of human T and B concentrations of cells and monocytes; they suggested that the Evaluation of total mechanism of action could either be the bind-:ury indicated that ing of mercury to membrane structures or the ie exposed workers formation of precipitates. Such events could be group.bmj.com on November 6, 2017 -Published by http://oem.bmj.com/ Downloaded from due to the well documented high affinity of mercury for cell thiol groups,32 as a decrease of such groups seems to play an important part in the inhibition of the cell activation processes. 33 Research on rodents has allowed identifia- 
